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use. Means (48, 49) is also taught for moving the 
data access heads (4) of the plurality to other re- 
cording surfaces (2) to decrease access bottle-necks 
thereon. 



^J© Super-large capacity data storage drive. 

^© A fast access high capacity data storage system 
^includes a disk-based storage system employing a 
q plurality of storage surfaces (2). Selected storage 
CO surfaces of the plurality thereof include a plurality of 
Wdata access heads (4) in data communication there- 
Qwith. Means (6) is provided for allowing concurrent 
^data transfers through this plurality of data access 
yj heads (4). Performance is further improved by moni- 
toring frequently accessed data records and transfer- 
ring them to recording surfaces less frequently in 
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SUPER-LARGE CAPACITY DATA STORAGE DRIVE 

Background of the Invention Summary of the Invention 



The present invention relates to a high-density 
and large-capacity storage drive and, more particu- 
larly, to a storage drive capable of permitting fast 
writes or reads. Fast writes and reads are permitted 
even where the storage drive is simultaneously 
accessed by a plurality of users. 

Storage drives of the prior art have typically 
had low recording densities which have rendered 
large capacities difficult to realize, even in such 
cases where high speed access is possible, such 
as in magnetic disk drives. Conversely, storage 
drives using magnetic tapes or optical disks ar- 
rayed in a "juke box" form provide high capacity, 
but have a low throughput given their extremely 
slow access periods. Earlier technology therefore 
renders it difficult to allow for concurrent access to 
a mass storage medium from a plurality of termi- 
nals. 

In earlier systems, large capacity and high- 
speed access was typically realized by using a 
magnetic disk as a buffer (or cache) of a magnetic 
tape library or an optical disk library. Where a 
certain data record is accessed, according to this 
method, its neighboring data is also copied from 
the magnetic or optical disk into the buffering mag- 
netic disk. In this way, data written in a physically 
near address, having a high probability of being 
accessed within a concentrated time, can be quick- 
ly accessed. 

In the technology thus far described, data to be 
accessed Is not originally present on the magnetic 
disk. Accordingly, the target magnetic tape or op- 
tical disk has to be set in the drive from the 
magnetic tape or optical disk library so that the 
data may be loaded. Such loading often takes 
several seconds. As a result, in the event that the 
file device is shared among a plurality of terminals, 
and in cases wherein continued accesses to data 
not present on the magnetic buffering disk are 
demanded, there arises a problem that the access 
requirements are accumulated. This situation in- 
vites state in which the system is incapable of 
performing the transactions. 

Use of hybridized storage media raises another 
problem given that such storage drive considerably 
costly. 

The subject invention solves the above referred 
problems, and others, and provides a single me- 
dium mass-storage system which is capable of 
providing fast and efficient access to mass storage 
by a plurality of users. 



In accordance with a first aspect of the present 

5 invention, there are provided, on each surface of 
plurality of optical disk surfaces, either at least one 
writing and readout head, and at least one readout 
head or at least two writing and readout heads, 
which are controlled independently or simulta- 

ro neously. 

In accordance with another aspect of the 
present invention, frequently accessed data on the 
recording surfaces is relocated to a recording sur- 
face which Is accessed less frequently. 

76 In accordance with another aspect of the 
present invention, there is provided either a writing 
and readout head or a readout head capable of 
moving between recording surface. 

In accordance with another aspect of the 

20 present invention, data access is simultaneously 
provided to at least two recording surfaces. 

In accordance with a more limited aspect of the 
present invention, various combinations of the fore- 
going are provided to further increase system per- 

25 formance. 

An advantage of the present invention is the 
provision of an inexpensive data storage drive 
which has a super large capacity but can be acces- 
sed at a high speed simultaneously and instantly 

30 from a plurality of terminals. 



Brief Description of the Drawings 

35 

The invention will described in conjunction of a 
series of drawings wherein the purposes are for 
illustrating the preferred and alternate embodi- 
ments of the subject invention only, and not for the 
40 purpose of limiting the same, wherein: 

Fig. 1 is a diagram showing one embodi- 
ment of the overall basic structure of the present 
invention; 

Fig. 2 is a diagram showing the optical head 
45 structure of the present invention; 

Fig. 3 is a diagram showing one embodi- 
ment of structure forming an input/output control 
unit; 

Rg. 4 is a diagram showing one embodi- 
so ment of structure forming an input/output control 
unit; 

Fig. 5 is a diagram showing one embodi- 
ment of structure forming an access control unit; 

Rg. 6 is a flow chart showing one example 
of the head selecting procedures of the access 
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control unit of the storage drive having two writing 
and readout heads at its recording surface; 

Fig. 7 is a diagram showing one embodi- 
ment of structure forming an input/output supervi- 
sion unit; 

Fig. 8 is a diagram showing one embodi- 
ment of a storage drive having recording surfaces 
for copying of data; 

Fig. 9 is a flow chart showing an accessing 
procedure of the storage drive having the recording 
surfaces for copying of data; 

Fig. 10 is a diagram showing an embodiment 
of an input/output control unit having a control unit 
of a peripheral file device; 

Fig. 11 is a diagram showing an embodiment 
of the storage drive for writing and reading out in 
parallel with two recording surfaces; 

Fig. 12 is a diagram showing the structure of 
the input/output control unit of the storage drive for 
writing and reading out in parallel; 

Fig. 13 is a diagram showing one example of 
header signals coming from the two recording sur- 
faces; 

Rg. 14 is a diagram showing the structure of 
data input/output unit of the storage drive capable 
of writing and reading out in parallel; 

Fig. 15 is a diagram showing one embodi- 
ment of the storage drive having optical heads 
capable of moving between the recording surfaces; 

Rg. 16 is a diagram showing the head struc- 
ture of the storage drive having the optical heads 
capable of moving between the recording surfaces; 

Rg. 17 is a diagram showing the structure of 
the access control unit of the storage drive having 
the optical heads capable of moving between the 
recording surfaces; 

Rg. 18 is a graph presenting the results 
obtaining the transaction time by simulating the 
random access states; and 

Rg. 19 is a diagram showing the structure in 
case the head assembly device is mounted. 



Detailed Description of the Preferred and Al- 
ternate Embodiments 



Turning now to the drawings, Rg. 1 is a dia- 
gram showing the structure of a super-large capac- 
ity data storage drive according to the present 
invention. In the example of Rg. 1, on a common 
spindle 1 there are fixed eight disks of a dual-sided 
or dual surfaced recording media 2, which are 
rotated by a motor 3. For each recording surface, 
there is provided an optical head 4, and a target 
address which is accessed by an access device 5. 
Data input and output are supervised by an 
input/output control unit 6. For ease in understand- 



ing a numbering representation has been utilized 
• which Is as follows: 
[reference no.] - [recording surface no.] • [head in 
the surface] 

s As with earlier systems, the super-large capac- 
ity data storage drive of the subject system is 
suitably connected with a CPU 7 through channels 
8, as shown in Rg. 1 . The present storage drive is 
accessed by the user from the CPU 7 or through 

to the channels 8, terminal control equipment 9 and 
terminals 10. The storage drive may also be acces- 
sed from another CPU 14 through a network 12 
and communication control processors 11 and 13. 
The CPU is naturally connected through chan- 

75 nels 15 and a terminal control equipment 16 with 
terminals 17. In cases of large amounts of informa- 
tion, the decline of throughput due to busy chan- 
nels can be prevented if the channels 8 are in- 
creased to provide a plurality of paths. At this time, 

20 these channel paths are usually selected by the 
dynamic control method. Thus, the present inven- 
tion provides the super-large capacity data storage 
drive which are so connected with the plural termi- 
nals that it can handle the access requirements of 

25 many users simultaneously. 

Rg. 2 shows one example in which one record- 
ing surface is equipped with two optical heads. 
Since readout frequency is generally higher than 
the writing frequency, the structure can be made at 

so a reduced cost by incorporating two read/write 
heads read-only head. The optical heads are suit- 
ably arranged such that optical heads 4-1-1 and 4- 
1-2, which can be independently accessed by the 
access devices 5-1-1 and 5-1-2, are opposed to 

35 one another on a recording surface 2-1 of the 
recording medium 2. On the back side, the optical 
heads 4-2-1 and 4-2-2, which are independently 
accessed by the access devices 5-2-1 and 5-2-2, 
are likewise arranged to oppose one another. In the 

40 figure, each of the recording surfaces is equipped 
with two or more optical heads. Throughput may 
be further improved by utilizing greater numbers of 
recording surfaces and optical heads per surface, 
as has been described above. 

45 The present embodiment is exemplified as 
having thirty two optical heads given that each of 
sixteen recording surfaces is equipped with one 
read/write head and one readout head, which are 
driven independently of one another. 

so The recording medium 2 is exemplified by a 
dual-side recording phase change optical disk. The 
recording file to be used is exemplified by a phase 
change recording film suitably made of In-Se-TI-Co 
which will crystallize for 100 ns or less, as dis- 
ss closed in Japanese Journal of Applied Physics . 
(J.J.A.P.), Vol. 26, pp. 67, (1987) Suppl. 26-4. 

Data is written by changing the intensity of a 
coherent optical beam over a time between an 
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intermediate level for crystallization, and a high 
level for non-crystallization, in accordance with en- 
coded information, and by changing a phase state 
of the phase change recording film into a cry- 
stalline or non-crystalline state. In accordance with 
this phase state change, the refractive index is 
changed with the optical path of the effect of mul- 
tiple interface and the reflectivity of the recording 
film. Data reads are accomplished by illuminating 
the recording film with an optical beam so weak as 
to cause no phase change, and by the amount of 
the light reflected from the recording film by means 
of the optical head 4. This data writing and readout 
method is disclosed in detail in Japanese Patent 
Application No. 61 - 101130. 

Data can be rewritten more reliably by either 
erasing at one side while writing at the other or 
overwriting at one side while checking at the other 
with two optical spots. The recording medium 2 is 
exemplified by the phase change recording film in 
the present embodiment but may be replaced by a 
magneto-optic recording film represented by Tb- 
Fe-Co. If the recording medium 2 is used as a data 
base requiring no data rewrites, on the other hand, 
it may be exemplified by either a perforated re- 
cording film, such as Is disclosed in Japanese 
Patent Publication No. 59 19836 or a ROM disk 
such as a video disk. 

A tracking guide mark may be exemplified by a 
pre-groove or a known pre-wobbled mark. In order 
to minimize eccentricity, however, the guide groove 
may be written by the read/write head after the 
disk has been fixed. The header may be formed in 
advance with the mark but is desirably formatted 
by the read/write head after the disk has been 
fixed. 

The optical head 4 has substantially the same 
structure as that of a head of a write-once-read- 
many ("WORM") optical disk now commercially 
available. Accordingly a dedicated description 
thereto will be omitted. 

The present optical head 4 is made movable 
within a range from the innermost to outermost 
tracks to perform a coarse access by the access 
device 5, which access device has a linear motor. 
However, this access device 5 may be driven by a 
rotary motor. On the other hand, the tracking meth- 
od is accomplished like the WORM optical disk 
drive, for example, by a two-step control to control 
the slow tracking by the access device, 5 and the 
fast tracking by an actuator in the optical head. The 
data transfer rate is improved if the optical head 4 
is exemplified by the parallel read/write optical 
head using a semiconductor laser array, as dis- 
closed in Japanese Patent Application No. 62 - 
173930. The optical head can be made light to 
shorten the access time if a semiconductor laser 
and a signal detecting optical system are stationary 



whereas the optical system consisted of objective 
lens is movable, as disclosed in 0 Plus E, Vol 67, 
pp. 8 (March, 1986). The optical head can be made 
thin and light if it uses the optical fibers, as dis- 
5 ' closed in Japanese Patent Application No. 62 - 
249938. 

The input/output control unit 6 includes, as 
shown in Fig. 3, an input/output supervision unit 18, 
a buffer unit 19, an access control unit 22, and a 

io data input/output unit 25. The input/output supervi- 
sion unit 18 first accesses a directory in the buffer 
unit 19 on the basis of data accessed through the 
channel 8. The supervision unit 18 extracts the 
data, if any, from the buffer unit 19, and otherwise 

75 accesses the disk-shaped recording medium 2. 
The buffer unit 19 function similarly to existing 
semiconductor cache memories. However, the buff- 
er unit 19 is stored with the directory. The 
input/output supervision unit 18 issues an access 

20 command to the access control unit 22 to move the 
optical head based on the physical address on the 
disk stored with the data. The access control unit 
22 accomplishes the head drive control to the 
recording address expressed by the recording sur- 

25 face, track or sector, the auto-focusing and the 
auto-tracking. 

The data input/output unit 25 functions primar- 
ily to modulate and demodulate, and to correct and 
save data. One access device 5 is provided for 

30 each of the optical heads so as to drive each of 
them independently. Since, however, ail the optical 
heads are not always operating, the numbers of the 
circuits of the access control unit 22 and the data 
input/output unit 25 may be less than that of the 

35 optical heads. Then, a switch control unit 20 and 
switches 21 , 23, 24 and 26 select the circuits of the 
access control unit and the data input/output unit. 
On the other hand, the circuits in the access con- 
trol unit 22 and data input/output unit 25 have a 

40 one-to-one correspondence so that the switches 
21, 23, 24 and 26 are associated with one another. 

In this respect, the present embodiment is 
equipped with five access control circuits and data 
input/output circuits, but the decline in throughput 

45 due to busy control circuits and data input/output 
circuits can be better prevented for a larger num- 
ber of the circuits. Throughput, when accesses are 
concentrated, is improved, but production cost is 
raised accordingly for the increase in the numbers 

so of the control circuits and the input/output circuits. 

Next, the writing and readout method of the 
super-large capacity data storage drive will be de- 
scribed with reference to Fig. 3. Data and com- 
mands to be stored are transferred from the chan- 

55 nel 8 to the input/output supervision unit 18. This 
input/output supervision unit determines the record- 
ing numbers, such as the numbers of the recording 
surfaces, tracks or sectors, which are usually saved 
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in the direction region of the buffer unit 19. More- 
over, the recording surface is aiso partially formed 
with the directory region, in which either a fixed 
head having a fine actuator 4-DIR or a movable 
head having a small moving distance so that it may 
rewrite occasionally, periodically or when power is 
interrupted. Here, the fine actuator is independently 
controlled by the access control unit 

Directory information is wholly loaded in the 
buffer unit 19 from the directory region of the 
recording medium 2 when power is suppled. After 
the determination of the recording address, an ac- 
cess command is issued to the access control unit 
22 to transfer the recording data to the buffer unit 
19. Here, the data input/output unit 25 always is- 
sues the used state and position (i.e.", track) of 
each head as its signal to the access control unit 

22, so that this access control unit drives the 
optical head belonging to the appointed recording 
surface of the access device 5 to start the coarse 
access. Simultaneously as the target track is ap- 
proached, the tracking actuator in the optical head 
is driven to start the fine access. Here, the auto- 
matic focusing is accomplished by controlling the 
objective lenses to the focal plane at all times by 
the auto-focusing actuator. The data transferred to 
the buffer unit 19 is written in the semiconductor 
memory of the buffer unit and transferred to the 
data input/output unit 25. 

Here, a large-scale data, such as motion pic- 
ture data, is transferred to the data input/output unit 
by interrupting the writing to the semiconductor 
memory. In the data input/output unit 25, the trans- 
ferred data is transformed into codes suited for the 
recording medium. In case the phase change re- 
cording film is used, the 2-7 modulation, the 4-15 
modulation and the MFN modulation are suitable. 
As these modulators have know structures, their 
description will be omitted. The modulated data is 
saved in the buffer of the data input/output unit. 
The access control unit 22 always read out the 
readout signal from the optical head 4 through the 
data input/output unit 25 and issues the data output 
command to the data input/output unit 25, simulta- 
neously as the optical spot reaches the target 
sector, so that it sends out and writes the data from 
the buffer of the data inpuVoutput unit. Since, how- 
ever, the numbers of the circuits of the access 
control unit 22 and the data input/output unit 25 are 
smaller than that of the optical heads, the free 
circuits of the access control unit 22 and the data 
input/output unit 25 are selected by the switch 
control unit 20 and switched by the switch units 21 , 

23, 24 and 26. 

Next, the method of reading out the data will 
be described. When a data readout requirement 
enters the input/output supervision unit 18 through 
the channel 8, the directory of the access require- 



ment data is read out from the directory region of 
the buffer unit 19. The directory dictates whether or 
not it Is in the buffer, its address, if the answer is 
YES, and the'recording surface number, track num- 

5 ber and sector number of the data recording me- 
dium. The access requirement data is read out in 
the event that it is in the buffer unit. If NOT, an 
access command is issued to the access control 
unit 22. If the optical head 4 is free, like in the 

w writing case, the data input/output unit 25 starts 
demodulating the encoded data to the original data 
to save the data in the buffer of the data 
input/output unit 25 simultaneously as the optical 
spot reaches the target sector. The data of one 

is block is read out and demodulated and is instantly 
transferred to the buffer unit 19. In case the optical 
head 4 is operating, the access is suspended until 
completion of the data transfer from the optical 
head. The buffer unit 19 stores the readout data in 

20 the semiconductor memory and transfers it to the 
CPU through the channel 8. In case the recording 
surface having the read/write head and the readout 
head is accessed, the readout head is preferentially 
used for the readout. 

as Another embodiment having a higher through- 
put than that of the data storage drive of the 
foregoing embodiment wili now be described. This 
embodiment has a basic structure similar to that of 
the foregoing embodiment, but is equipped with 

30 two read/write heads for each recording surface 
and circuits in a number equal to the total number 
of the read/write heads in the access control circuit 
and the data input/output unit. The structure of the 
input/output control unit 6 is shown in Fig. 4. 

35 In this embodiment, the input/output control 
unit 6 is equipped with two optical heads at both 
sides of each of eight disks, giving a total of thirty 
two read/write heads. Moreover, each head is al- 
ways controlled by the individually assigned cir- 

40 cuits in an access control unit 27 and a data I/O 
unit 28. Here, the head is usually positioned in the 
track which has been accessed most recently, but 
may be held standby in the standby position ap- 
pointed. This standby position is appointed, for 

45 example, by dividing the access range by the 
number of the heads per recording surface, and by 
determining the respective centers of the divided 
ranges. Thus, the average access time can be 
shortened, but the access near by time is fre- 

50 quently appointed at the physically near address, 
so that the head is desirably held standby in the 
track which has been most recently accessed. 

In another variation, the access control unit 27, 
which is different from that of the foregoing em- 

55 bodiment, is shown in Fig. 5. This access control 
unit 27 includes a switch unit 29, a head selection 
unit 30, a buffer for command 31 , and a control unit 
32. The switch unit 29 makes a switching to the 
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circuit corresponding to the appointed recording 
surface in accordance with the physical address 
(e.g., the recording surface number, the track num- 
ber, or the sector number) appointed by the 
input/output supervision unit. 

The head selection unit 30 is provided for 
determining which of the two optical heads belong- 
ing to each recording surface is to be used for 
accomplishing the writing or readout. This deter- 
mination is made from the head position data from 
the data input/output unit 28, and the head standby 
data from the command buffer 31 . 

The procedures for the head selection unit 30 
to select the head are shown with reference to Fig. 
6. First of all, whether or not the two heads are 
busy is determined from the signal coming from 
the data input/output unit 28. If the two heads are 
free, the head having a smaller difference between 
the track number to be accessed and the track 
number, in which the head is positioned, is se- 
lected for the access. If one head is accessing or 
transferring data, the access command is issued to 
the free head. If, on the other hand, the two heads 
are busy, the command is issued to the selected 
optical head which has a smaller number of access 
standby commands. 

The command buffer 31 functions to count the 
number of the standby commands. This standby 
command number counted from the width at which 
the command buffer stores the commands. More- 
over, the head is selected in a like manner, too, in 
case each recording surface is equipped with three 
or more heads. 

There is a tendency that the number of termi- 
nals to be connected with the network system, and 
the number of their users, will increase over time. 
Such increased usage will correspondingly aug- 
ment the access frequency. The data storage drive 
is therefore advantageously equipped for mounting 
of one or more additional head assemblies. An 
additionally mountable head assembly may be ex- 
emplified, as shown in Fig. 19. Illustrated therein is 
a head assembly 52 - 1 for the surface correspond- 
ing to heads 4-1-1 and 4-1-2, access devices 5, 
and a head assembly 52-2 for the back side of the 
disk. At the same time, the necessary access con- 
trol circuits and data input/output circuits are pro- 
vided. 

In the data storage drive thus far described in 
connection with the first embodiment, access re- 
quirements will accumulate to elongate the standby 
time abruptly in case they are simultaneously con- 
centrated on a common recording surface. There- 
fore, another embodiment of the super-large data 
storage drive provides a system to move selected 
items of the recording surfaces having a high ac- 
cess requirement frequency, to a surface having a 
lower access requirement frequency. This system 



will be described with reference to Fig. 7. 

This embodiment differs from the first embodi- 
ment in the structure of the input/output supervision 
unit 18. In the present embodiment, the 

s Input/output supervision unit is equipped, as shown 
in Fig. 7. with an access supervision unit 33 for 
supervising the storage address of the data, and an 
access supervision unit 34 for writing the period or 
frequency of the writing, retrieval, readout or rewrit- 

w ing. 

The access supervision unit 34 is includes a 
timer unit 36 for perceiving the access time, and an 
operation unit 35 for computing the access state. 
This access state is dictated by the sum of the 

75 final access period of each data element written, 
the access period of each recording surface, and 
the capacity of the recording medium. The access 
state is computed in the following manner. Upon 
each access, the access supervision unit 34 writes 

20 the access time in the directory of the buffer 19 
and determines the difference between the access 
time previously written and the present access time 
by the operation unit 35. The access state of the 
buffer unit 19 is thereby rewritten each time. Here, 

25 it is desirable to make a storage of the access time 
before an appointed number of accesses, tt is 
thereby possible to determine the average access 
period which is weighted toward the latest. 

The data transfer is accomplished by the file 

30 supervision unit 33 on the basis of the access state 
which is written in the buffer unit 19 supervised by 
the access supervision unit 34, as will be described 
in the following. 

At the instant when accesses are made for 

3S reading out and rewriting the data to update the 
various access states, it Is decided whether to 
transfer the data of a predetermined or less capac- 
ity than a certain average access period, to another 
recording surface (i.e., the recording surface having 

40 the highest access frequency) to a recording sur- 
face having the least frequent access periods. At 
this time, the above-specified data is in the access 
standby state for readout or writing, in the access 
or in the writing or standby state. When the writing 

45 and readouts are ended, the data never fails to 
exist in the buffer 19 if it has sufficient available 
capacity. However, in the event that sufficient ca- 
pacity does not exist in the buffer 19, it is not 
transferred. The destination of the recording sur- 

so face is then suitably determined to have the largest 
sum of the access periods (or the least access 
frequency). 

The file supervision unit determines the des- 
tination of the recording surface and commands the 
55 writing by the access control unit, simultaneously 
as the aforementioned data is written in the buffer 
unit. The data is copied, if the head of the record- 
ing surface of the destination is free, and is written, 
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If the head is. busy. As soon as the written signal is 
communicated to the file supervision unit 33, the 
directory is rewritten to a new address. On and 
after the transfer, the old address is handled as an 
unwritten one. On the other hand, the data transfer 
may be accomplished at a high rate with less 
access frequency. In this case, the data to be 
transferred is temporarily loaded in the buffer unit 
19 and then written in the destination address. 

Another embodiment of the super-large capac- 
ity data storage device having the copy recording 
surface for copying a data having a high access 
requirement frequency will be described in the 
following with special reference to Fig. 8. By way of 
example, the surface of the highest disk of Rg. 8 is 
used as the copy recording surface designated at 
2-C. Moreover, this recording surface 2-C is 
equipped with two read/write heads 4-C-1 and 4-C- 
2 which can be independently accessed. In order 
to improve the throughout, moreover, it is desirable 
to provide as many independently accessible 
read/write heads as possible. The recording sur- 
face £-C does not record any new data but copies 
data recorded in another recording surface, which 
has a high readout access frequency. 

In the operation unit 35 of the access supervi- 
sion unit 34 shown in Rg. 7, data of the recording 
surface having a shortest readout access period is 
appointed when the maximum of the sum of the 
readout access periods of the individual recording 
surfaces written in the buffer unit 19 reaches a 
predetermined value. The file supervision unit 33 
issues, to the access control unit, a command for 
copying that data in the recording surface for copy. 
The copying method is omitted here because it is 
similar to that of the embodiment 3. Here, the old 
directory of the copied data is rewritten by adding 
flag data indicating that the copy data is present in 
the recording surface for copy and the directory of 
the copy data. Moreover, the data can be accessed 
from both the recording surface for copying. 

The procedures for reading out the data will be 
described in the following with reference to the flow 
chart shown in Rg. 9. Rrst of all, it is recognized 
by a flag in the directory whether copy data is 
present in the recording surface for copying. If the 
answer is NO, the ordinary recording surface is 
accessed. If YES, the optical head of the ordinary 
recording surface is accessed, and this access is 
executed if the head is free. If the head of the 
ordinary recording surface is busy, the recording 
surface for copying is accessed. If this recording 
surface for copying is free, the access is instantly 
started, if all the optical heads are then busy, the 
numbers of the access standby states of the or- 
dinary recording surface and the recording surface 
for copy are compared to issue the access com- 
mand to the recording surface having the less 



standby number. Here, the head using state is 
issued from the data input/output unit. 

When a predetermined time elapses, the flag 
data and the storage address data of the recording 

5 surface for copying of the directory of the copied 
data are deleted to provide a writable region. This 
supervision is accomplished by the access supervi- 
sion unit 34. The access state of the recording 
surface for copy is stored in the directory of the 

70 buffer unit 19. The difference between the record- 
ing timing written and the time of the timer unit 36 
is computed by the operation unit 35. If this com- 
puted value exceeds a predetermined time, the 
directory of the destination is deleted. In case the 

75 data copied on the recording surface for copy Is 
rewritten, it is recognized that no data is present in 
the recording surface for copy. Thus, the flat of the 
directory and the directory of the copy destination 
are deleted. 

20 Another embodiment, one in which the data 
having a less access frequency is edited in another 
file device connected with the periphery, will be 
described in the following with reference to Rg. 10. 
The peripheral file device to be used is exemplified 

25 by an optical library device having a large capacity 
and capable of using a removable medium. 

The file supervision unit 33 sends an informa- 
tion command representative of a full condition to a 
display unit 38 at the instant when the capacity 

30 written in the super-large data storage drive ac- 
cording to the present invention reaches a pre- 
determined ratio of the writable capacity. The dis- 
play unit 38 warns of the impending filling of this 
storage drive (system), preferably through a visual 

os indicator such as an LED or terminal screen. Si- 
multaneously with this display, the file supervision 
unit 32 transfers the data having the longest access 
period of the data written in the present storage 
drive, by the file supervision unit 32 in accordance 

40 with the directory of the buffer unit 19. The file 
supervision unit 33 transfers the data to be trans- 
ferred to the buffer unit in a peripheral file control 
unit 37. 

The peripheral file control unit 37 designates 
45 the recording address of the transferred data and 
writes the data of the buffer at the corresponding 
address of the optical disk library. Simultaneously 
with the data recording end, the recording end 
signal is issued to the file supervision unit 33. The 
50 file supervision unit 33, having received the record- 
ing end signal, deletes the recording address in the 
directory of the transferred data and adds the stor- 
age address of the peripheral file in place and the 
accessing data to the peripheral file control unit 37. 
55 The replacement of the recording medium is auto- 
matically accomplished by the library type optical 
disk device which has already been put into prac- 
tice. Thus, all the data transferred are supervised 
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by the peripheral file control unit 37. 

Next, another method wherein transferred data 
is rewritten first to a peripheral file device, in case 
the present storage drive is fully occupied, will be 
described. The file supervision unit 33, having re- 
ceived the data transfer command, transfers data 
appointed by the directory of the buffer unit 19 and 
written in the present storage drive which has the 
longest rewriting period. The remaining operations 
will be omitted because they are similar to the 
aforementioned ones. 

Fig. 11 shows an embodiment of the super- 
large capacity data storage drive which also pro- 
vides a high data transfer rate. The present drive is 
used as a storage system for handling large-scale 
data, such as image data, from a number of termi- 
nals. In the present embodiment, the writing and 
readout operations of the two upper recording sur- 
faces are accomplished concurrently. For example, 
the optical heads 4-1 and 4-3 are coarsely acces- 
sed by the one common access device 5-1 but 
may also be accessed separate access devices. 
On the other hand, writing and reading from the 
downward recording surfaces are accomplished in- 
dependently of each other. 

However, the combination of the parallel oper- 
ations is so arbitrary as to combine the downward 
recording surfaces into all the heads in two-face- 
one-parallel rows or into six optical heads 4-1, 4-3, 
4-5, 4-7, 4-9 and 4-11 in parallel by the single 
access device. This parallel arrangement is effec- 
tive in case the data transfer rate is to be improved 
even with a decline of the throughput. 

The parallel writing method will be described in 
the following with reference to Fig. 12. The data 
transferred from the channel 8 is first determined 
by the input/output supervision unit 18 as to wheth- 
er the writing is to be accomplished in the two 
surfaces in parallel, or merely in a single surface. 
This decision is made in accordance with the size 
or kind of the data. For example, code data is 
written in the single surface, whereas the image 
data is written in the two surfaces in parallel. For 
this operation, a flag (or discriminator) for specify- 
ing the size and kind has to be added to the data. 
After it has been determined whether the writing is 
paralleiy or singly accomplished, the input/output 
supervision unit 18 determines the writing address. 
In a single surface writing case, one address is 
determined similarly to the foregoing embodiment. 

In the parallel writing case, two addresses of a 
common sector of a common track of the two 
difference surfaces, i.e., the one hundredth track 
and the fourth sector of the first surface and the 
one hundredth and the fourth sector of the third 
surface, are determined. Next, the input/output su- 
pervision unit 18 transfers the data to the large- 
capacity buffer unit 19 and issues the access com- 



mand to an access control unit 41 to drive the 
• access device. This access device is capable of 
accessing the two optical heads together, i.e., the 
access device 5-1 for accessing the recording sur- 

s faces 2-1 and 2-3. The data is converted into two- 
channel parallel data in a conversion unit 40 from 
the buffer unit 19. Since, however, no conversion is 
required in the case in which the channel numbers 
of the data from the channels and the parallel 

70 recording are equal, the data is transferred without 
change to a data input/output unit 42. 

Coding and error correcting codes are added 
by a modulator 43 in the data input/output unit 42 
shown in Fig. 14 and temporarily saved In a buffer 

75 44 in the same unit, writing timing is awaited. The 
access control unit 41 drives the access unit 5-1 
and accesses the heads 4-1 and 4-3 simultaneous- 
ly in a coarse manner. The header signals, which 
are read out from the respective heads determined 

20 to the appointed tracks, are translated by a de- 
modulator 45 in the data input/output unit 42. When 
the ID signals of target sectors to be written are 
sent from the respective recording surfaces, a tim- 
ing generator 48 provides start signals conforming 

25 to the respective timings to start the writing oper- 
ations. However, the parallel signals may possible 
be written with a delay of about one round in the 
event that a relative sector or head positions of the 
recording surfaces are displaced or in case the fine 

30 access end times are different. 

In a case, for example, that the fine accesses 
are simultaneously ended at point A of Fig. 13, the 
parallel signals are written with the delay of about 
one round. In order to prevent this, the writing 

35 operation is started by the following method. 

After one recording surface 2-1 is used to 
discriminate the sector-one sector on this side of 
the target sector, the sector one-sector on this side 
of the target sector is isolated within a predeter- 

40 mined time (corresponding to about one sector) by 
another recording surface (namely, the fine access 
is ended at or before point B of Fig. 13). In this 
case, the individual recording surfaces start their 
writing operations In conformity to the timing of the 

45 target sector to appear next. On the other hand, the 
recording surface 2-3 recognizes the sector one 
sector this side of the target sector (namely, in 
case the fine access is ended at point C of Fig. 
13). In this case, the writing operation is started 

so while leaving the recording surface 2-1 as it is, and 
the recording surface 2-3 starts the writing opera- 
tion from the target sector to appear next. In order 
to minimize the displacement of the sector posi- 
tions, it is therefore desirable to make a format by 

55 the individual optical heads after the disks are 
mounted. 

Next, the method of reading out the data writ- 
ten in parallel will be described in the following. If 
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an access is requested of the Input/output supervi- 
sion unit 18 through the channel 8, the supervision 
unit 18 read outs the directory which is written in 
the directory region of the buffer unit 19. It is 
assumed that the data required for the access be 
written in parallel in the recording medium surfaces 
2-1 and 2-3. The input/output supervision unit 18 
judges this address (e.g., the track number or the 
sector number), and issues the access command 
to the access control unit 27 to drive the access 
unit 5-1 . The data are read at the instant when the 
individual heads reach the target sector, tf, how- 
ever, the sector positions are displaced, the parallel 
data may be read out with a displacement of one 
revolution like the writing case. In accordance with 
the procedures like the writing operations, there- 
fore, the readout of the data is started. 

After the demodulation and error correction of 
the demodulator 45 in the data input/output unit 42, 
the data is saved in a buffer 47 of the data 
input/output unit 42. As soon as the data of the two 
channels are stored in the buffer 47, the two- 
channel parallel data are converted into the parallel 
channel number by the conversion unit 40 and 
transferred to the buffer unit 19. The data thus 
transferred is then transferred to the input/output 
supervision unit 18, and then to the channel while 
being stored in the buffer unit 19. 

Fig. 15 shows another embodiment in which 
the throughput is improved while simultaneously 
limiting the expense of fabrication. In order to sim- 
plify the illustration, however, each recording sur- 
face is equipped with at least one read/write head, 
although not shown. In a case of the data storage 
drive having each recording surface equipped with 
one optical head, for example, the access fre- 
quency is usually no higher than the throughput of 
the data storage drive, but the accesses may be 
temporarily concentrated at a certain recording sur- 
face. Thus, the access standby time is abruptly 
increased if the access frequency exceeds the 
throughput of the recording surface, although this 
condition is generally temporary. Therefore, the 
present embodiment is equipped at each recording 
surface with not only independently accessible 
read/write heads, but also with a head capable of 
moving between the recording surfaces. The con- 
centrated accesses are handled by moving the 
movable head to the access-concentrated record- 
ing surface to accomplish the accesses. 

Fig. 16 shows the head structure according to 
the present embodiment. Each recording surface 2 
is equipped with optical heads 4, which can be 
independently driven. Access devices 5 and optical 
heads 4 and 4 are made movable between the 
recording surfaces for accessing the upward and 
recording surfaces, respectively, which are driven 
by access devices 5' and 5". These heads and 



access devices, moving between the recording sur- 
faces, are supported in a manner to move in the 
spindle direction by guides 49 with scales so that 
they are driven in the spindle direction by turning 
s helically threaded guides 48 by motors 50. 

Fig. 17 is a diagram showing the structure of 
the access control unit for controlling all the optical 
heads belonging to the individual recording sur- 
faces with the optical heads made movable be- 

70 tween the recording surfaces, in accordance with a 
particular system requirement. If an access com- 
mand is given through the channel, the input/output 
supervision unit 18 designates the data storage 
address so that the switch unit 29 accordingly 

75 sends the access command to the appointed re- 
cording surface. The access command is saved in 
either the appointed individual recording' surfaces 
or the command buffer units 31 belonging to the 
access devices. The operation states of the optical 

20 heads are supervised by the data input/output unit 
28 so that a switching unit 51 issues the command 
as it is from the command buffer units 31 to the 
control units 32 if the heads under consideration 
are not being accessed. If these heads are being 

25 accessed, the switching unit 51 receives the end 
signal from the data input/output unit 28, when the 
access or transfer of the data is ended, and sends 
the command, which has been saved the earliest in 
the buffer, to the control units 32. 

30 In case the access frequency is increased, or if 
the accesses are concentrated in a certain record- 
ing surface, many access commands accumulate 
in the instruction buffer unit 31 of that recording 
surface. If the number of the access commands 

35 accumulated in the command buffer unit 31 ex- 
ceeds a predetermined constant value Ns, the 
switching unit 51 issues the access command to 
the optical heads made movable between the re- 
cording surfaces. The control unit 52, having re- 

40 ceived the access command, first causes the con- 
trol unit 32 to move the optical heads from the 
most retracted position from the recording surface. 
If it is confirmed that the optical heads are ex- 
tracted, the optical head and the access device are 

45 driven to move to the target recording surface by 
the motor 50 in accordance with the information on 
appointment of the recording surface. The stop 
position is determined by the scale 49. Alternative- 
ly, a fixed target or light source may be provided 

so and detected. After movement to the target record- 
ing surface, the access is started like the other 
optical heads. In case, however, the heads and the 
access devices should not be moved between the 
recording surfaces, the heads never fail to be 

55 brought into the positions the remotest from the 
recording surfaces. 

In case the number of the standby state com- 
mands in the command buffer unit of the recording 
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surface, In which the movable head Is operating, is 
smaller than a predetermined number Ne of 1 or 
more, the switching unit 51 switches the command 
destination to the ordinary movable head to set the 
movable head free. Here, the number Ne takes 
different values, depending upon whether or not the 
recording surface, for which the standby command 
number in the command buffer exceeds Ns (in the 
common direction) in addition to the recording sur- 
face in which the movable heads are in operation. 
For example, Ne s Ns/2, in case there is another 
recording surface higher than Ns. and otherwise Ne 
= 1. 

In the embodiments thus far described, the 
numbers of the recording surfaces, the heads, and 
the heads movable between the recording surfaces 
can be also be increased, and those embodiments 
can be combined. These have a different through- 
put and drive prices so that the embodiments and 
their combinations can be determined according to 
the field and method of application and budget. 

Accordingly, the present invention provides a 
data storage drive which has a small occupancy 
volume, a low cost and a high throughput although 
it has a super-large capacity. There can be attained 
an effect that the simultaneous accesses from a 
large number of terminals can be responded in- 
stantly with little standby time. This effect is im- 
proved the better for the larger number of record- 
ing surfaces. 

Fig. 18 presents the results which are obtained 
by simulating the transaction time for the access 
frequency. The transaction time is a time period 
from the start of an access request to the end of 
writing or reading out the data. Here, the seek time 
is set at 100 ms, the number of revolutions of the 
recording medium at 3,600 r.p.m., and the data unit 
at 32 KB. It is further assumed that the recording 
surfaces be accessed randomly. The simulations 
are performed in accordance with the first embodi- 
ment wherein two independent heads are arranged 
for each recording surface. 

The transaction time increases when the ac- 
cess frequency exceeds a predetermined value, as 
shown in Fig. 18, because a recording surface is 
newly requested for an access so that the standby 
time increases while all the heads of the recording 
surface are being accessed, written or read out. If 
the access frequency at which the transaction time 
starts to increase. Fig. 18 illustrates that the 
throughput is improved by arranging two indepen- 
dent heads at each recording surface. It is also 
found that the effect is the higher for the more 
recording surfaces. Under the above-specified con- 
ditions, for example, the throughput improvement is 
about two times in case the total recording sur- 
faces are 12 or less, but the improvement is four 
times or higher for the 16 or more total recording 



surfaces. The reason why the throughput improve- 
ment is higher for the larger number of heads per 
recording surface if the number of recording sur- 
faces is more is as follows. 

5 It is Initially assumed that there be N disk 
surfaces for recording, each of which is accessed 
with an equal probability. A certain recording sur- 
face Is requested for an access, and this access 
request occurs A times while the heads are busy. 

io The probability of one of those access requests to 
a common recording surface is about one N-th, 
and the probability of another access is about one 
N2-th. Specifically, the probability for one head to 
become busy Is about one N-th in case the head is 

is provided for one recording surface, and the prob- 
ability for the two heads to become busy is about 
one N2-th in case the two independently acces- 
sible heads are provided for one recording surface. 
As described above, the probability of accessing a 

20 common recording surface while the head is busy 
is drastically reduced as the number of the in- 
dependently accessible writing and readout heads 
for each recording surface is increased. Therefore 
the throughput can be drastically Improved. This 

25 effect is the higher for the larger number N of the 
recording surfaces. 

In case the access frequency is far lower than 
the throughput, on the other hand, the seek time 
and revolution standby time are also shortened 

30 because the data is read out by the head closer to 
the target sector by providing the plural heads on 
the recording surface. 

In shared files of the data base, moreover, it is 
necessary to cope with access concentration. Spe- 

35 cifically, the accesses to several specific files are 
frequently concentrated. In this case, the discus- 
sion thus far made assuming the random access 
cannot be applied, but the transaction rate can be 
increased by moving or copying the second em- 

40 bodiment, i.e., the concentrated data or by the 
parallel transaction using the third embodiment, 
i.e., the head capable of moving between the re- 
cording surfaces. 

In cases, on the other hand, wherein mass 

45 data, such as a high resolution images, are to be 
written or read out, transfers take a long time and 
drop throughput substantially. By accomplishing 
the parallel readout and writing by using the fourth 
embodiment, i.e., the plural heads, therefore, the 

50 data transfer rate can be improved to improve the 
throughput 

The invention has been described with refer- 
ence to a preferred alternate embodiments. Obvi- 
ously, modifications and alterations will occur to 
55 other upon a reading and understanding of this 
specification. It is intended to include all such 
modifications and alterations insofar as . they come 
within the scope of the appended claims or the 
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equivalents thereof. 



Claims 

1. A fast access high capacity data storage 
system comprising: 

a plurality of generally disk-shaped recording sur- 
faces (2), 

a first plurality of data access heads (4) in gen- 
erally close proximity with a first disk-shaped re- 
cording surface (2) of the plurality thereof, whereby 
each data access head of the first plurality is 
adapted for data communication with the first disk- 
shaped recording surface, 

means (5) for independently positioning each data 
access head (4) of the first plurality in relation to 
the first disk-shaped recording surface (2) of the 
plurality thereof, 

at least one data access head (4) in generally close 
proximity with each remaining generally disk- 
shaped recording surface (2) of the plurality there- 
of, and 

control system means (6) for selectively commu- 
nicating data records with each data access head 
(4). 

2. The fast access high capacity data storage 
system of claim 1 further comprising: 

means for securing each disk-shaped recording 
surface (2) to a common spindle (1), and 
means (3) for rotating the common spindle (1) in 
relation to each of the data access heads (4). 

3. The fast access high capacity data storage 
system of claim 2 wherein the control system in- 
cludes a data supervision system including: 
means for recording at least one of (a) address 
data representative of an address to which a data 
record is written, (b) record length data representa- 
tive of a length of a data record, (c) transfer timing 
data representative of a duration necessary for 
transferring location of a data record, and (d) ac- 
cess timing data representative of a number of 
accesses to a data record; 

average computing means for computing an aver- 
age of at least one of a plurality of recorded 
address data, record length data, write timing data, 
and access timing data; and 
means for storing data representative of an average 
computed by the average computing means. 

4. The fast access high capacity data storage 
system of claim 2 wherein the control system in- 
cludes means for concurrently communicating data 
records with a selected subset of the access 
heads. 

5. The fast access high capacity data storage 
system of claim 3 wherein the control system fur- 
ther includes means for writing directory data to a 
directory data storage area concurrently with a 



writing of a data record in accordance with a com- 
puted average. 

6. The fast access high capacity data storage 
system of claim 1 wherein at least one of the 

s plurality of recording surface include a copy re- 
cording surface, and wherein system further in- 
cludes: 

a second plurality of data access heads, distinct 
from the first plurality, in -close proximity to the 
jo copy recording surface; and 

means for independently positioning each of the 
second plurality of data access heads relative to 
the copy recording surface. 

7. The fast access high capacity data storage 
is system of claim 6 further comprising: 

means for calculating a rate of access to data 
records stored on selected recording surfaces; 
means for storing data representative of a 
preselected acceptable rate of accesses to records 
20 m stored on selected recording surfaces; 

copy data comparison means for comparing a cal- 
culated rate of access of a selected record to the 
data representative of a preselected acceptable 
rate of access; 

25 means for selectively copying a data record to the 
copy recording surface in accordance with an out- 
put of the copy data comparison means. 

8. The fast access high capacity data storage 
system of claim 1 wherein the control system 

30 means includes means for selectively communicat- 
ing data to a secondary data storage device, and 
wherein the system further comprises: 
a control unit for controliing a secondary data stor- 
age device; 

35 means for storing data representative of a total 
capacity of the plurality of recording surfaces; 
means for means for calculating data representa- 
tive of available storage capacity of the plurality of 
data storage surfaces; 

40 means for storing data representative of a least 
recently used data record stored on the plurality of 
data storage surfaces; 

means for comparing the data representative of 
available storage capacity for the data representa- 
45 tive of total storage capacity; and 

means for selectively transferring a least recently 
used data record from the plurality of data storage 
surfaces to the secondary data storage device. 

9. The fast access high capacity data storage 
so device of claim 1 further comprising means for 

selectively moving a data access head from the 
first plurality to be in close proximity with a second 
surface of the plurality of surfaces so as to be in 
data communication therewith. 
55 10. A method of data storage comprising the 

steps of: 

independently positioning each data access head 
of plurality data access heads in relation to a first 
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generally disk-shaped data recording surface of a 
plurality thereof; 

positioning at least one data access head in rela- 
tion to remaining recording surfaces of the plurality 
thereof; 

rotating the plurality of recording surfaces in rela- 
tion to each of the data access heads; and 
simultaneously communicating data records with a 
selected subset of data access heads, such that 
concurrent data record communication between 
data access heads and at least one recording sur- 
face is achieved. 

11. The method of claim 10 further comprising 
the steps of; 

recording at least one of (a) address data repre- 
sentative of an address to which a data record is 
written, (b) record length data representative of a 
length of a data record, (c) transfer timing data 
representative of a duration necessary for transfer- 
ring location of a data record, and (d) access 
timing data representative of a number of accesses 
to a data record; 

computing an average of at least one of a plurality 
of recorded address data, record length data, write 
timing data, and access timing data; and 
storing data representative of an average computed 
by the average computing means. 

12. The method of claim 11 further comprising 
the steps of. 

writing directory data to a directory data storage 
area concurrently with a writing of a data record in 
accordance with a computed average. 

13. The method of claim 11 further comprising 
the steps of: 

independently positioning each of second plurality 
of data access heads relative to a copy recording 
surface; 

calculating a rate of access to data records stored 
on selected recording surfaces; 
storing data representative of a preselected accept- 
able rate of accesses to records stored on selected 
recording surfaces; 

comparing a calculated rate of access of a selected 
record to the data representative of a preselected 
acceptable rate of access; 

copying a data record to the copy recording sur- 
face in accordance with an output of the copy data 
comparison means. 

14. The method of claim 11 further comprising 
the steps of: 

communicating data to a secondary data storage 
device; 

controlling a secondary data storage device; 
storing data representative of a total capacity of the 
plurality of recording surfaces; 
calculating data representative of available storage 
capacity of the plurality of data storage surfaces; 
storing data representative of a least recently used 



data record stored on the plurality of data storage 
surfaces; 

comparing the data representative of available stor- 
age capacity for the data representative of total 
s storage capacity; and 

transferring a least recently used data record from 
the plurality of data storage surfaces to the secon- 
dary data storage device. 

15. The method of claim 11 further comprising 
to the step of selectively moving a data access head 

from the first plurality to be in close proximity with 
a second surface of the plurality of surfaces so as 
to be in data communication therewith. 

16. A fast access high capacity data storage 
is system comprising: 

a plurality of generally disk-shaped recording sur- 
faces: 

a first plurality of data access heads in generally 
close proximity with a first disk-shaped recording 
20 surface of the plurality thereof; 

means for independently positioning each data ac- 
cess head of the first plurality in relation to the first 
disk-shaped recording surface of the plurality 
thereof; 

25 at least one data access head in generally close 
proximity with each remaining generally disk- 
shaped recording surface of the plurality thereof; 
control system means for concurrently commu- 
nicating data records with a selected subset of data 

30 access heads; 

means for securing each disk-shaped recording 
surface to a common spindle; 
means for rotating the common spindle in relation 
to each of the data access heads; 

35 means for recording usage data representative of 
at least one of (a) address data representative of an 
address to which a data record is written, (b) 
record length data representative of a length of a 
data record, (c) transfer timing data representative 

40 of a duration necessary for transferring location of 
a data record, and (d) access timing data repre- 
sentative of a number of accesses to a data record; 
average computing means for computing an aver- 
age of at least one of a plurality of recorded 

45 address data, record length data, write timing data, 
and access timing data; and 
means for storing data representative of an average 
computed by the average computing means. 

17. The data storage system of claim 16 fur- 
so ther comprising: 

a data copy recording surface; 
a second plurality of data access heads, distinct 
from the first plurality, in close proximity to the 
copy recording surface; and 
55 means for transferring a data record from a first 
• recording surface of the plurality to a second re- 
cording surface of the plurality in accordance with 
the usage data. 
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18. The data storage system of claim 16 fur- 
ther comprising: 

a control unit for controlling a secondary data stor- 
age device; 

means for storing data representative of a total 5 
capacity of the plurality of recording surfaces; 
means for means for calculating data representa- 
tive of available storage capacity of the plurality of 
data storage surfaces; 

means for storing data representative of a least 10 
recently used data record stored on the plurality of 
data storage surfaces; 

means for comparing the data representative of 
available storage capacity for the data representa- 
tive of total storage capacity; and 75 
means for selectively transferring a least recently 
used data record from the plurality of data storage 
surfaces to the secondary data storage device. 

20 



25 



30 



35 



40 



45 



50 



55 



13 



EP 0 360 123 A2 



Nouveiiamer.t d'i 
(S3 3u) . 



*3 



CPU 



SUPER- LARGE CAPACITY OATA STORAGE DRIVE 



5-2-1 



5-4-1 



5-6-1 



5-8-1 



5-10-1 



5-12-1 



5-14-1 



5-16-1 



4-2-1 2-3 



4-^1 



134 

4i 



4-6-1 



2?6 

2r7 



4-8-1 



Ml 
M 



4-10-1 



4-12-1 



7-12 
M 



4-14-1 



2-14 
2-15 



4-16-1 



1 



4-1-1 



2-2 



4-3-1 



4-5-1 



4-7-1 



4-9-1 



£io 



4-11-1 



H3-1 _ 



2-16 



4-15-1 

2= 



5-1-1 



5-3-1 



5-5-1 



5-7-1 



5-9-1 



5-11-1 



5-13-1 -, 



5-15-1 n 



MOTOR 



40IR 



I/O CONTROL UNIT 



7 8 



•11 



4- 



9 



| OTHER SUPER - LARGE OATA STORAGE DEVICES 
^TERMINAL CONTROL EQUIPMENT 

^ TERMINALS 



c 



NETWORK 



D 













-f- 




-f- 






10 


10 




10 



t 13 
y> COMMUNICATION CONTROL PROCESSOR 



FIG.1 



-fr 

15 14 



CPU 



17 



17 



17 



T7 



EP 0 360 123 A2 



I •» -V 9 111 1 

♦ * «>"> > 1 "» 1 * i 



ACCESS UNIT 



OPTICAL HEAD 



SWITCH 



ACCESS CONTROL 
UNIT 



mm 



SWITCH CONTROL 
UNIT 



I/O SUPERVISION 
UNIT 



18 



CHANNEL 



SWI 



CH 



DATA I/O 
UNIT 



SWI 



CH 



BUFFER UNIT 



I/O CONTROL UNIT 



T 
6 



FIG. 3 



-26 



.25 



'OPTICAL 
HEAD 
/,-DIR 



EP 0 360 123 A2 



> > 



5-1-1. 



OPTICAL! 
HEAD 
4-DIR 

27- 



18- 



5-1 



-2 ACC 



ESS 



UNI' 



5-12-2 



ACCESS CONTROL 
UNIT 



I/O SUPERVISION 
UNIT 



ICAL HEAO 



DATA I/O UNIT 



BUFFER UNIT 



I/O CONTROL UNIT 



CHANNEL 8 



FIG. 4 



-OPTICAL 
HEAD 

JrOIR 

.28 



•19 



EP 0 360 123 A2 













■» 


•» ■ *» 














> ■» 




1 


•» t 








>-» 








1 ■> 



ACCESS UNIT 

A 



OPTICAL , 

HEAO ' 5-1-1 5.-1-2 5-2-1 5-2-2 W-1 5-3-2 
6-0R1 



CONTROL 
UN.T 3r 

BUFFER 
FOR 31 
COMMAND 



a 



y a 



55 



iin 



30-1 




SELECTION 
UNITS 



5 



30-3 



5-12-1 5-12-2 * 



I 



HEAD SELECTION 
UNIT-30 



5 



30-12 



SWITCH UNIT 



7 



29 



ACCESS CONTROL UNIT 



I/O SUPERVISION UNIT -18 



FIG. 5 



27 



OATA 
- I/O 
UNIT-28 



SELECTION 
L_UNIT 




Nl : NUMBER OF STANDBY COMMANDS. OF HEAD 1 

N2: NUMBER OF STANDBY COMMANDS OF HEAD 2 

TA: NUMBER OF TARGET TRACKS 

T1: TRACK NUMBER OF HEAD 1 

T2: TRACK NUMBER OF HEAD 2 



INPUT AC 
TO SELE 


cess command 
:tion unit so 







TWO BUSY 



TWO FREE 




rT1l>ITA-T2l 



SELECT HEAD 1 



SELET HEAD 2 



FIG. 6 



EP 0 360 123 A2 



9« -»o 
» • • 9 - 9 

99 9 * 9 1 ««9 » 
J « 9 9 9 

99 99 >0 




SWITCH OR ACCESS CONTROL 
UNIT 20or 27 



ACCESS SUPE RVISION UNIT 
3^— 



36 



1/0 

SUPERVISION 
UNIT 



TIMER 




OPERATION 


UNIT 




UNIT 










BUFFER 
- UNIT 



BUFER 
UNIT 



CHANNEL- 8 



HEADER SIGNAL 




TARGET 
SECTION 

ONE ROUND 



HEADER SIGNAL FROM 
RECORDING SURFACE 2-1 



1— HEADER SIGNAL FROM 
RECORDING SURFACE 2-3 



EP 0 360 123 A2 



RECORDING SURFACE 
FOR COPY 




CHANNEL- 8 



EP 0 360 123 A2 



> « 

J * 

» J 



START ACCESS 




ACCESS TO 
RECORDING 
SURFACE 
FOR COPY 



Nm^Nc 



Nn-Nc 




AWAIT ACCESS TO 
NORMAL RECORDING 
SURFACE 



Nn : NUMBER OF WAIT 
STATUS OF NORMAL 
RECORDING SURFACE 

Nc: NUMBER OF WAIT 
STATUS OF RECORDING 
' SURFACE FOR COPY 



FIG. 9 



/WAIT ACCESS TO 
RgODRDiNG SURIACE 



EP.0 360 123 A2 



+m 31 TO 1* ■>■> 

»• *> » 5 ^ 1 ^ 1 "> 

1 1 1 * J 1 * 3 




OPTICAL 
DISC 
LIBRARY! 



T 

39 



SWITCH -20 
OR ACCESS CONTROL 
UNIT- 27 



34- 



ACCESS 




TIME 
UNIT 




OPERA- 
TION 




UNIT 



37 

1 



36 



PERIPHERAL FILE 
CONTROL UNIT 



DISPLAY UNIT 



RLE SUPERVISION 
UNIT 



38 



5 



-35 



CHANNEL- 8 



33 

FIG. 10 



v 

18 



BUFFER 
"UNIT-19 



BUFFER 
UNIT-19 




FIG. 11 



CHANNEL - 8 



EP 0 360 123 A2 



* > ** "» > 



ACCESS UNIT OPTICAL HEAD 

TWO SURFACES ONE SURFACE TWO SURFACES ONE SURFACE 



PARALLEL 



OPTICAL 
HEAO- 
4-OIR 



NOEPENOENT 



PARALLEL 



NOEPENOENT 



TWO SURFACES 
PARALLEL 



ACCESS CONTROL 
UNIT 



1 



OATA I/O 
UNIT 



ONE SURFACE 
INDEPENDENT 



FIXED 
•OPTICAL 
HEAD 

irOIR 



CONVERSION UNIT 



1/0 SUPERVISION 
UNIT 



18- 



.40 



BUFFER UNIT 



• 19 



CHANNEL- 8 ^ 



EP 0 360 123 A2 



3* »> >*> i*» 



4-1 4-1 4-3 4-3 



OPTICAL HEAD 




FIG. U 



EP 0 360 123 A2 



• 1 

• 1 



4 5 1* 

* 5 »*• 



9* 

1 1 
1 > 



18 



IS 



-48 



Hip 

50 



1 



•4" 



III 



,49 



MOTOR 



FIXED HEAD 



3-50 



4-OIR 



INDEPENDENT HEAD 



UUHi 



I / 0 CONTROL UNIT 



I 



FIG. 15 



CHANNEL- 8 



EP 0 360 123 A2 



■.•sr.-l v \\Y<6 



to «<• »> * » 

> it -11 » » 1 



FIXED HEAD 



ACCESS UNIT 

A 



MOTOR 
50 



5» w 

MOTOR 
50 



CONTROL - 
UNIT- 52 



W)IR 5-1 5-2 5-3 5-4 



^•52 



5-11 5-12 



DDDDD 



D 



SWITCH UNIT 




29 


SUPERVISION UNIT - 


FIG. 17 

18 



CONTROL 
UNIT-32 



40 



UNIT 
^ 28 



51 

SWITCHING UNIT 

XL 31 

COMMANO 
BUFFER 
UNIT 



EP 0 360 123 A2 



-1 






> > 


> * 


> * 






» * 




* 

• * 


» > § 
J 






> • 


• > 




> > 



10 



TRANSACTION 
TIME(SECONDS) 
AFTER 100 
ACCESSES 
HAVE BEEN 
REPEATED 
AT RANDOM 



32S.1H 
16S.2H 

32S.2H 




EXAMPLE: 
12S.2H 
(TOTAL 12 SUR- 
FACES 

HEAD SURFACE 



10 102 
ACCESS FREQUENCY (NQ/SEC.) 



FIG. 18 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects nyfne images include but are not limited to the items checked: 

BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

jd COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




